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Abstract: the lens distortion correction is very important problem in the field of technological engineering
processing image obtained by camera. This becomes a more important problem in photogrammetry. All of the
photographs obtained by the camera have a distortion of the lens. If we do not correct the distortion, result of
photogrammetry is not accuracy. Therefore, Correction of lens distortion is generally the first step to proceed in
photogrammetry. There are various methods for correcting the distortion of the lens. There are polynomial
methods, advantageous methods, in many methods and All of these methods are correction methods for the
general shape of the lens. Therefore, in this paper we have analyzed the lens distortion characteristics in the
photogrammetry, and performed the distortion correction by the polynomial method based on this analysis. It
has been experimentally confirmed that the correction method proposed in the introduction is superior.
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NCCIEJOBAHUE XAPAKTEPA UCKAXKEHUS JIMH3bI U METOJA
KOPPEKIIUU UCKAXKEHUS JIMH3bI
Kum Xon Up
Kum Xon Hp — kanoudam zeozpaghuueckux nayx, npenodasamen,
Kaghedpa 2eodesuneckoii unGOPMAyUOHHON MeXHUKY, aKyTbMen 30HOUPOEANUS PECYDCOS,
nonumexnuueckuii ynuepcumem um. Kun Yaxa

. [Ixenvan, Kopeiickasa Hapoowno-/lemokpamuyeckasa Pecnyonuxa

AHHOmayun: KOppekyus UCKANCEHUs. NUH3bL SGIAeMCs OYeHb 6AXCHOU 3adauell 6 obnacmu obpabomki
U306PAdCEHUTl  TMEXHONOSUYECKOU UHIICEHEPUU, NONYYEHHbIX Kamepou. Omo cmaHosumcsi 6onee 8adCHOI
npobnemoii homocpammempuu. Bee pomoepaghuu, nonyuennvie kamepoii, umerom uckasxcenue aun3bl. Eciu mol
He UCNPABUM UCKANCEHUs, pe3yibmam gomozpammempuu He Oydem mounvim. 110amomy Koppexkyust uCKaxceHus
JIUH3bL OOBIYHO A6TIAEMCA NePeblM wazom 6 gpomozpammempuu. Cywecmeyrom pasnuitvle Memoobl KOppeKyuu
uckasicenul aun3vl. Ecmb nonunomuanvHvie Memoovl, npeonoumumensHvle Memoovl U 6ce 3Mmu Memoobl
ABIAIOMCA  Memooamu  Koppekyuu O obwei Gopmel  aunsel. Ilosmomy 6 OauHoU cmamve Mbl
NPOAHATUSUPOBATY  XAPAKIMEPUCTIUKY UCKANCEHUS JUH3bL 68 (DOMOSPAMMEMPUY U  GbINOTHUTU KOPPEKYUIO
UCKAJICEHUT NOTUHOMUATILHLIM MEMOOOM, OCHOBAHHBIM HA IMOM ananuse. IKCNepUMenmanbHO NOOMBEPICOEHO,
UMO NPEONONCEHHBIU B0 86€0CHUL MEMOO KOPPEKYUU SGTAeMCSL TYUULUM.

Knroueswie cnosa: uckasicenue JIUH3bL, KOPPEKYUA UCKAIICEHUSL, (ﬁopMa UcCKasicerus, Koppekyus nojiurnomda.
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Introduction

In general, many camera lenses, especially zoom lenses have clear distortion. Recently, a lot of research
projects have been conducted to correct lens distortion.

Harri Ojanen was assumed that many inexpensive camera lenses suffer from very clear distortion and analyzed
its forms [3]. He was described that even with such a lens near perfect images can be obtained by using a
correction algorithm based on a simple mathematical model and without any special measuring tools.

Enrico Calore was described that Improper camera orientation produces convergent vertical lines (keystone
distortion) and skewed horizon lines (horizon distortion) in digital pictures [2]. He was shown here that, after
accurate calibration, the camera on-board accelerometer can be used to automatically generate an alternative
perspective view from a virtual camera, leading to images with residual keystone and horizon distortions that are
essentially imperceptible at visual inspection. And he described the uncertainty on the position of each pixel in
the corrected image with respect to the accelerometer noise.

Dapeng Gao was proposed A method for computing a complete camera lens distortion model [4]. With a
view of a planar pattern, an iterative procedure was established to estimate the ideal homography under radial,
tangential and prism distortions, by specially selected parameters of both radial and tangential distortions. The
ideal image points which represent the correct positions of distorted image points can be computed with the
approximate ideal homography.

Carlos Ricolfe-Viala [5] was suggested the method of lens distortion correction to correct without model.
This method was more sensitive to local deformations and allows the image to be corrected in accordance with
its distortion.

Yucel Altunbasak was assumed methods for estimating motion in video sequences that are based on the
optical flow equation (OFE) were that the scene illumination is uniform and that the imaging optics are ideal.
This paper extended the models upon which the OFE methods are based to include irregular, time-varying
illumination models and models for imperfect optics that introduce vignetting, gamma, and geometric warping,
such as are likely to be found with inexpensive PC cameras. It was described that the resulting optimization
framework estimates the motion parameters, illumination parameters, and camera parameters simultaneously and
in some cases these models can lead to nonlinear equations which must be solved iteratively.

The lens distortion correction methods such as the lens distortion non-metric method and the self-calibration
method are all generally performed considering the general characteristics of the lens. In other words, correction
was carried out assuming that the barrel distortion or pincushion one of the lens are uniformly distorted from the
center of the lens. However, the photographs obtained by the digital camera do not change in agreement. From
this point of view, it is assumed that the lens distortion does not change uniformly, and the distortion correction
method is described.

1. Lens distortion form and Characteristic analysis

In general, the lens distortion is largely divided into barrel distortion and pincushion distortion [Fig. 1]. If the

general distortion correction is performed without considering the structural characteristics of the camera, the



distortion of the shape shown in Fig. 1 can be corrected.
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Fig. 1. Lens distortion

In this paper, we assumed tha t the lens distortion does not occur uniformly from the center of the photograph,
and have analyzed the characteristics of the photograph. For this purpose, the center of the lens is centered on the
origin and the quadrant is set as shown in Fig. 2.

A quadrilateral network with a spacing of 2 Cm was installed for the distortion characteristic. The picture of

the quadrilateral net is shown in Fig. 3.

Fig. 2. Quadrant set in photograph Fig. 3. Checkerboard

The photographs taken for the quadrilateral net are as follows(Fig. 4).



Fig. 4. Image of distortion

Figure 5 shows the distortion curve for the feature points.
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Fig. 5. Distortion curve for the feature points

Figure 6 shows the characteristic of lens radius.



Radial of Distortion

Fig. 6. Characteristic of lens distortion radius

2. Method of lens distortion correction

As can be seen in Figures 5 and 6, the photographs taken by the camera have some lens distortion and the
distortion is different for each quadrant.

The distortion is greater in the second and fourth quadrants than in the first and second quadrants, moving
away from the center of the lens.

Therefore, calibration should be done differently for each quadrant.

In general, the lens distortion correction is performed by a polynomial method.

If the distortion correction value is Au, Av, the relationship between the distortion value and the actual value
is as follows.

{u = u: + Au (1)
v=v +Av

Where u’, v’ — distortion value in photograph(Pixel)

u, v — actual value in photograph(Pixel)

Distortion correction value is as follows.

{Au = quUkirg + kord + ) +p1(q5 + a3) + 2p2quqy + 5174 )
Av = q,(kyrg + kot + ) + p2(qh + @2) + 2p1quqy + 527
Where q, =u'—uy, q, =V —vo, 7§ =q5 +q5
o = (Yo, Vo) — coordinate of central point in photograph

ki, ky, ks — modelling coefficient of radial distortion

P1, P2, ps — modelling coefficient of line distortion

S1, S2, S3 — modelling coefficient of prism distortion
3. Analysis of experimental results
Using the equations (1) and (2), we determined coefficient of distortion correction according to the quadrants

and corrected the distortion by using the coefficient of distortion correction.



The distortion correction coefficients according to the quadrants is as follows (Table 1).

Table 1. Distortion correction factor

Qua
ks ks P1 P2 S1 S2
drant
8.617x10™ 4.747x10" -6.904x10"
1 . . 2.017x10® 8.912x107 . 4.142x10®
-1.254x10 -3.863x10° -2.834%10° -5.434x10°
2 1.337x10°° 4.517x10®
16 6 6 6
-1.018x10" 1.133x10*"
3 . ; 5.077x10° 2.897x10° 8.367x10° 4.870x10°
-8.197x10° 1.013x107 -4.514x10
4 . i 1.443x10® 3.379x107 2.802x10° ]
The distortion correction coefficients for the whole image are as follows (Table 2).
Table 2. Correction of distortion for Whole images
ks ka P1 P2 S1 S2
-1.504x10-9 2.349x10-16 -1.596x10-6 -1.579x10-6 -3.368%10-6 5.085x10-7
The least square error for the distortion correction is as follows (Table 3).
Table 3. Least square error for distortion correction
First quadrant Second quadrant Third  quadrant Forth  quadrant Whole image
(Pixel) (Pixel) (Pixel) (Pixel) (Pixel)
18.389 28.249 22.969 27.673 42.943

As shown in Table 3, the least square error for the distortion correction is smaller in the first and third

quadrant than second and forth, and the distortion correction for the quadrants is much smaller than the distortion

correction for the whole image.

Conclusions

In the paper, we have analyzed the lens distortion characteristics of a digital camera and proposed a method
to improve the accuracy of the distortion correction and verified its effectiveness. It has been experimentally

confirmed in the introduction that the distortion correcting method according to the quadrants is superior to the

general distortion correcting method for the entire image.
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